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Science as a Liberal Study
" I S I T WORTH A ROSE I N A DUNG H EAP?"
" . . . I search for their lost faces
in a field of broken mirrors and find
only my eyes shattered
as usual vacant as usual
a nd all this time the dead
know wha t they a re doing
and come out with diplomas of silence .. ."
R ichard Sh eldon
"Only the disciplined mind can be creative," is a phrase used by
many of the traditional academicians in the wake of charges by today's
angry and vocal youth. Some educators do not recognize tha t creativity, per se, is not totally dependent on the n ature of the disciplinary
training but rather, it is the product of the creative act, which up
until now has avoided logical analysis. M a ny educators recognize tha t,
although elements ( fac ts, etc.) are needed in order to express or
create, these things alone are not enough . Since connections of the
mind are probably made from some sources of discipline, the phrase,
in and of itself, expresses some truth. However, this facile phrase is
too often used to mean the instructor who knows the substance of his
discipline extremely well, can use tha t substance, a nd that alone, to
educate his students. The danger in this kind of pedagogy is that no
science is entire of itself. I t would be facetious of me to deny that
many creative students came out of a strict disciplinary a pproach to
the teaching of science. Concommitantly, I wish to point out that I
am not advocating tha t an academician's goal should be the development of an undisciplined mind in the student.
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With rare exceptions, most science curricula, as well as courses and
books for the science and non-science ma jors, have been perpetua ting
the m yth that science is an experience of m a n, lacking the esthetic, if
not other epiphenomena! elements of humanism. I believe tha t we as
science educators have not faced up to the urgency of responsibilities
we owe to both the science and non-science maj ors. Ian Barbour has
said, "Science teachers give more a ttention to 'the logic of the discovered' than to the process of discovery. To some extent this is inevitable, for a teacher wants to present principles in a systematic way ;
but often students gain little understanding of the scientific enterprise .
. . . Science should be treated not as a noun but as a verb, a form of
human activi ty." ( 1) In a review, J oel Snow analyzes the problem in
science education this way, "Science topics are usually discussed either
by a post h oc reordering of the facts to provide 'logical' continuity or
by steady plodding along a chronological trail. A cult of objectivity
seems to require that the doubt, conflict, and intuition which play a
m ajor p art in scientific discovery be replaced by systematic description of the one true knowledge in imita tion of the technique whereby
the quoted proofs of a ma thema tical theorem serve to disguise its
mode of di scovery and significance. A cult of manners seems to imply
tha t all scientists are good, true and brilliant ( never beautiful! ), and
tha t only adjectives of praise, wonder, or astonishment can be applied
both to them a nd their works. It is hardly surprising that, with the
huma n juices so assiduously d rained out, most people prefer not to
read books about science." (2) If we a re to educate our non-science
students successfully, we must demonstrate that science has a more
meaningful relationship to the living experience of m an by integrating
science into the context of the socio-cultural milieu.
From the m anner in which college science programs a re set up,
it would appear to the student that the administrators are ignorant
of their view of the world problems. They hear administrators and
the disciplinarians tell them that this or that subject matter or discipline is related to these world problems but they don't follow through
in making them revelant. " In the Middle Ages, . . . , the university
understandably structured its curriculum with theology as the core
subject, since it was R egina S cientiarum. \,Vha tever we may think
today of the actual 'scientific' content of medieval theology, it played
an integrating role by providing all the other subjects with a n inner
logic a nd cohesion. In contrast, the a tomistic structure of contemporary multiversities a ttests not only to an explosion of knowledge
but also to the absence of a corpus of postulates such as provided the
conceptual cement for m edieval scholars, whether training to be
theologians, doctors, lawyers, or, as with Roger Bacon, what we might
call proto-scientists. On today's campus, the clashing of values and
methodologies- to say nothing of terminologies--of disparate disciplines
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provides an overview of chaos in place of the medieval cosmos. Little
wonder, then, that today's student all too often feels not only bewildered but exposed to schizoid tendencies in his intellectual
environment." (3)
Traditionally in education, science has been treated as "ethically"
neutral in the sense that its findings can be used in the service of a
variety of human goals. The scientific enterprise, in and of itself,
contains many humanistic values, such as co-operation, honesty and
freedom of inquiry. "Considered in isolation, the scientific instrument
or products can be used for good and bad ends. Hence they are
ethically neutral. However, false inferences have been made that values
must have some other basis than science. This is because there is more
to science than its products ... There are also 1) the theory without
which the instruments would not have been invented, and 2) the
method by which this theory is grounded in or related to immediately
apprehended fact . . . neither of these two factors is ethically neutral." ( 4) We are living in an age when ma n is grossly accelerating
the change of his environment. We are faced with living now in a
scientific age with both non-scientific and antiscientific attitudes. How
do we get the student to understand his anxiety in light of a bigger
picture (his is the "superficial" view, one of world starvation, massive
environmental pollution, loss of personal identity, atomic warfare,
etc.) ?
I see teaching science as one of the liberal arts to non-science
majors as a two-fold project. The first goal is to illustrate science as
a human experience. That the "scientific method" is more than the
methods of induction, of deduction or of postulation-deduction. ( 5-8)
In order to attain this goal, it would be necessary to compare and
contrast the nature of validation of knowledge in science, as well as in
the other human experiences of religion and the arts. (9-12 ) One must
also demonstrate interfaces between the findings of science and the
sociological or theological values of m an. ( 1, 13-24) Also, one h as to
examine how science can or cannot be used by man to solve man's
social problems.
Some academicians will argue that this is diluting science. It is
not teaching science in and of itself. I realize in exceptional cases, the
"purist" can make the students realize all of these points within the
framework of a disciplinary approach. However, the evidence is too
blatantly clear, after examination of textbooks and curriculum for
non-science majors, tha t the students are not getting the holistic picture.
I, however, do not believe one has to sacrifice the intellectual beauty
of science, per se, in order to achieve an understanding of the place
science plays in our human experience.
To achieve these ends, a science teacher today has an enormous
number of approaches to develop the aforementioned ideas. For exam-
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pie, I have found that in teaching the biological sciences to non-science
majors, the following approach seemed to satisfy the students and my
own demands of a challenging, and intellectually honest approach.
This course is the second in a series of three term courses. The first
deals with the nature of the universe and the last is c:onceme<l with
the nature of man.
The weekly class format was based on two one-hour "lectures," with
one two-hour demonstration-discussion session and one one-hour recitation session. The readings were 1) Language of Life by G. and
M. Beadle; 2) Of Molecules and Men by F. Crick; 3) Double Helix
by J. D. Watson and 4) selected other readings.
The L anguage of Life provides the basic framework for the course.
Emphasis is placed not only on questions of the nature and origin of
life, but also on the methods by which such knowledge is obtained . As
a model for the scientific approach to the phenomenon of life, the
hereditary process is examined. The changing conceptions of this
process, from Mendel's "factors" to the coded information of DNA,
provides one of the clearest examples in science of the logic, creativity, and elegance that go into the construction of a theory. On the
question of which subject should be taught to liberal arts students to
give them insight into science and the scientific method, C. P. Snow
has recently suggested the structure and replication of DNA; this area
is treated by the Beadles with the utmost lucidity.
The Double Helix provides an unusual opportunity to humanize
a scientific discovery. After the student has gained an understanding
of the revolutionary impact of the DNA concept upon the scientific
view of life, he will be able to appreciate the immense creativity inherent in the practice of science, so convincingly documented by Watson. The image of the scientist as an impersonal calculating machine
will not survive a reading of this book.
The philosophical implications of the molecular view of biology
are discussed by Francis Crick in Of Molecules and Men. This book
consists of three lectures which Crick delivered to a general audience
on the role of vitalism in contempora ry biology; in particular, whether
the concepts of physics and chemistry are sufficient to explain the
functioning of a cell, the origin of life, and the nature of consciousness.
The mechanistic viewpoint characteristic of much of recent biological
thought is given a provocative and argumentative presentation; this
material is designed to provide a stimulating basis for class discussion.
The major objectives of the course were to examine critically the
scientists', theologians' and humanists' views of the phenomenon of life.
Specifically, I singled out only a few of the areas normally covered
( creation of life and "like breeds like") and examined the interaction
between cultural elements (i.e., religion and philosophy) and the
scientific enterprise in both historical and modern settings. Only by
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examining some historical examples does the analysis of modern scientific explanations h ave a real, holistic meaning to our students.
Pedagogically, I start all class activities with observations which
are designed to stimulate discussion (i.e., congentially-deformed children ) . We discuss how different cultural elements of p ast and contemporary societies influence the explanations of these observations and
the explanations m ay influence non-scientific cultural institutions. In
essence, I try to examine biology, not as a unique method of explanation or as a collection of facts existing in a vacuum, but as a human
activity, which is shaped by the individual investiga tor and cultural
forces and which affect world views.
In order to set a challenging situation which can be pragmatically,
if not intellectually stimulating, I have adapted an approach, synthesized from Northrup(4) and Peckham ( lO ), to illustra te how a creative act of explanation is born. Since man's confronta tion with ch aos
leads to problems: 1) of logical inconsistencies of his present ideas,
2 ) problems of fact or 3) of values, I try to design the classroom
observations to provide ambiguous situations, which can call for several
quite different and mutually exclusive patterns of scientific as well as
ethical decisions.
I have tried to make biology holistic. I am sure some of m y students m ay never know the structures and presumed functions of all
cell organelles, however, I am sure they h ave been made aware of
m any of the non-scientific elements with which the scientific study of
life has interacted. Henry Adams has declared " Nothing in education
is so astonishing as the amount of ignorance it accumulates in the
form of inert facts." (25) General education in science should be, as
Lord Rusholm has said "permanent stimulus to continuing selfeducation." (26)
The second goal is to encourage a student's own creative involvement in his learning experience. To enh ance diversity, a re-evaluation
of the role of science education in the intellectual experience of students must be made. This will entail a head -on confrontation 1) with
traditional-minded science educators, ( " those who let examina tion
m arks be the reward for passive acceptance of revealed doctrine" ) (27 ); 2) with university administrators who find it efficient to
have grades for students ("The business of a professor is to give, not
grades, but intellectual contagion ." ) (28 ) ; and 3) with the students
who feel that any non-vocational course is a hindrance to their
professional career.
I do believe that, as teachers, we have a responsibility to evalua te
the students' progress in their educational growth in order that they
can be aware of their deficiencies. Evaluation should be made, but the
emphasis on their meaning and of their use within and without the
university should be reduced. (29) I contend that the discussion of
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human values should be an integral pa rt of a general education course.
I'm not sure tha t, even if the students could be evaluated for this
aspect of the course, it would be ethically right to do so.
In our attempts to provide general education in science for la rge
numbers of non-science students, we have demanded a conformity of
behavior. Dobzhansky states m y feelings well when he remarked " I for
one do not lament the p assing of social organizations that use the
many as a m anured soil in which to grow a few graceful flowers of
refined culture."(30) Rene Dubos has also pointed out that" . .. excessive concern with productivity and efficiency interferes with the
pursuit of significance." ( 15) We must remember we are " teaching
students rather than subjects, and for their own sakes ... " (27)
Most importantly, "We must shun uniformity of surrounding as
much as absolute conformity to behavior, and make instead a deliberate effort to create as many diversified environments as possible.
This may result in some loss of efficiency, but the more important
goal is to provide the man y kinds of soil that will permit the germination of the seeds now dormant in man's nature. Insofar as possible,
the duplication of uniformity must yield to the organization of diversi ty. Richness and variety of the physical and social environment
constitute crucial aspects of functionalism-whether in the planning of
cities, the design of dwellings, or the management of life." (31)
James E. Trosko
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